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ABSTRACT 

This review was undertaken to determine whether there 
is evidence to support the reality of a stage of Formal Operational 
Thought, whether there is agreement as to the Age nt Acquisition of 
it, and the effect of schooling on the acquisition of the ability to 
perform formal operational tasks« An extensive review of the 
literature, including many journals outside the field of education, 
was carried out. Results of the study include: (1) there is very 
little evidence for a Unitary Stage of Formal Operational Thought; 
(2) since this is so, it was considered impossible to define an age 
of acquisition of Formal Operational Thought; (3) there is evidence 
to show that schooling has an effect on the age at which subjects 
become able to perform formal operational tasks; and (4) specific 
science curricula do not seem to effect change in performance on 
formal operational tasks. The results of the review of literature 
suggest that the idea of one stage of Formal Operational Thought may 
not be useful in the attempt to understand adolescent thought and to 
design high school science curri ::ula* (Author/EB) 
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INTRODUCTION 




The ability to solve certain types of problens and perform certain co^tni- 
tive tasks marks the transition from childhood to adolescence in Piacctian theory. 
The theory proposes that betveen the apes of 11 fmd ll+ adolescents enter into 
a stai^e of formal operational thought in which it "becomes possible for them to 
reason vith propositions fjid hypotheses by uslnr> the operations of formal lo^lo. 

The transition from concrete to formal operations is the subject of The. 
Grovth of Lo^rical Ihlnkinp, from Childhood to A doloflconce , >fritten by Piar:et in 
collaboration with Barbel Inhelder and first published in English in 1958. (The 
French edition was published in 1955.) The book brings tonothor the empirical 
findinrs of Inholder and the theoretical formulations of Piarett The fomer 
'cchsist of the results of presenting]?; to children and adolescents 15 problems 
which require advanced reasoninn for their solution. The theoretical sections 
contain Placet's enalysis of the tasks and f>n explication of the mochcnisms of 
their solutions in terms of the l6 binary prvopo sit ions of formal lof!ic. The 
formal operatirmal staffo is called GtoBO III and is divided into substof^o IIIA> 
at which stap,e Pia^et and Inhelder fomd adolescents frcm 11-12 to lli-15 years ^ 
an;^. substa/r;e IIIB, which adolescents wore found to enter at lU to 15« Tasks 
which require forrml operational thou,n;ht had been described earlier in The Child^s 
Conception of Geonetry (Piafet, Inhelder, and Szominska), published in France 
in 19^*8 and in Great Britain in 1952| but the theoretical aspects xrore not fxilly 
elaborated at that time. 

The present review was undertalcen to determine whether there is a body 
of evidence to support the reality of a stage of formal operational thouf^ht^ 
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to exa^'dno thg data on the f?\otors assoclf^-ted with intellectual dovolopncnt 
durinr ^^ilolooccnco » rmd to consider vrhrit the Inplicatlons of these nipht be for 
curriculun and tcachinr: nethods in secondary schorl science, 
II • THU THEOh'x 

In Pio-retian theory there are four phayea of Rrovth vhich characterize 
intellectura dovclopnont: the scnsorinotor stap,e, the preoperational 8ta/:;o, tho 
sta/*o of coccrete operations, and the ftta^e of fomal operations. In this 
context an opeiation is a "reversible, internalizable action vrtiich is bound 
up vith others in an intefrrated structure. (It) is a r.eans for Mentally 
trp^sfomiar, data about the real vorld so that they nr\y bo., .used in the 
solution of problens" (Pio^.et and Inhelder, 1956, pp. xlii-xiv)., /ji operation 
nay be carried out externally, in the nanipulation of categories (concrete) or 
propositions (fomal). Concrete operations arc iiontal actions which or ?;anize 
observed or experienced roolity cuid do net necessarily involve the actual 
nanipulation of tan/^ible objects* For exa^^plo, the adiJition of arithnetic 
nunbers is a concrete operation (Adler, I966). An operation differs fron the 
siiaple action or f^o'^l-rllroctod behavl >r of tlio preoperational child in that 
it is internalized and reversible; that is, the action vrhich had to be carried 
out externF0.1y by the preoperational child can be carried out internally ("in 
the head") by the concrete operational child, and the child understands that 
the result of an action cm be reversed by revordinr the action. ^ child in 
the concrete oporati'>ns stapo who puts a veipht on a "brJance and sees that the 
scale tips too far in one direction can tal:e such corrective action as 
searching for a lif^htor vreirht on the basis of an internal nontal structure. 
Ho is no lon^^er dependent on trial anrl error as a nearis of solvin?^ problens. 

As the child r^rows and his ability for lorioal thinking develops he uses 
concrete operation's with increasinf^ facility and on no re eonplr.x prcblevis 
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However, vhen ho is confrontocl vfith a problem in which he nust isolate one 
varifible and hold one or nore other varlr>:bles constanti or in which ho nust 
think of all the possible cor\binations and systenatically exclu'le some of them, 
his thotv'ht Byston (i.e., the structure of concrete operations) is inadequate; 
he cannot solve the problon until he is able to reason with propositions 
and hyp^^theses, ll^e ability, to consider the possible as ^roll as the pi von 
and to use ccnbinatorial 'analysis in solvin.f; problons distinfuishcs fomal fron 
concrete operational thou^r.ht, 
III, RESE/.RCH HI^ W.TED TO 'THEORY 

Piarot has boon criticised fron the be/^innin^^, for his attenpt to equate 
the operations of f'^n'-.al lor^^ic with the nontal structure of an adolescent (or 
an adiat). Parson (196O), a loficinji, ar/^uos that Piarot is not consistent in 
his use of the terns of lorl-^, that his arfunont is very hard f">r a logician 
tc follow and that, in effect, the i .oa doesn't nake sense. More recently, two 
lof^icirjis and a clinical psycholo/:;ist (Bynuri, Thor-as and Weitz, 1972) systen- 
atically exmined the protocols in Tl:e Growth of Logical Thinkinr for 
evidence that all I6 of the binary operations of foiT".al lof;ic wore, in fact, 
used by the subjects in solvinf^ Inhclder's problens. They could identify only 
eif^ht of the oj^orations, did not find all I6 operations to be necessary for sol- 
vinf^ the probler b, vnd believe it is hip^hly unlikely that adolescents use all 
16 operations. They report that they could not, in their discussions, teaching, 
or in any other way express 6 of the I6 operations in everyday lan^^uix^e. Lovell 
(1961) who has replicated and extended Pir^-et's work in nany areas of nathenar- 
tics, hpr. , nevertheless, called Piaf:ct to task for fcrcinr adolescent thinkinp, 
into an inappropriate lof^icol nvdel* Finally, Lunzer, who stated in an earlier 
work (19(^5) that lie did not boliovo that the lo[:ic of the fo^or-rroup was 
psycho lofjically fundar.ental to fomal operations, stated r^ore recently (1973) 

ERic; 



that he is now oven rore convincorl that formal lopic Is not a pood descriptor 
or noUol for the nontal structure vrhicli is fcmcd durinr» f\(?descenco, 

/uiother nspoct of the thoory vhich heis received nuch attention is Piapet's 
use of the concept of staro (Flavell and Woia\7ill, 1969; Kcsson, 1970 5 and 
Pinard and Laurondeau, I969). What does it noon to scy that a child has reached 
a certain "fstariie" of cognitive devolopnont? There appear to bo several popular 
nlsconceptions about the concept of stoi^e as used by Piarot and by those who 
vorlc within the PinAetian fronewor!:. One misconception is that the passano 
fron one staf^o to the next is sudden and abrupt, A child is said to have become 
"concrete operational'* if he can perfoni one task characteristic of the ata^e 
of concrete operations and is then assuuod to bo able to porforn other sinilar 
tasks. Another nisconception is that there is a fixed order of ac<iuisition of 
individual concepts within each starve. A third nisconception is the idea that 
a child of a certain ape will autonatically be in a certain Piapetian atarr.e. 

Mone of these toucli on the essential feature of a stofje, which is a 
unifyin^^, underlylnr process of reasoning, applicable to a broad ran/^e of 
problens or tasks. Tlit fomulation of the into{^rated nental structure which 
nakes it possible for a child to perform the tasks characteristic of a stapo 
is a f^radual i^.^rocess which usually tn-kes se/eral years for conpletion, Thus^ 
there is a trrjfisition period in \fnich the child uses the new i>rocc-ss of reasoninc; 
only occasionrlly and inconsistently. His rosp.')nsos are variable, content- 
bound and inconsistent. As he bo'^ins to use the new reasoning processes in 
soi'io areas, there will be other areas in vrhich ho revertc- to the reasoning, 
processes and explanations '^f the earlier stacio. Those tine la^s in applyin{5 
the operations or processes, which are referrol to as "decala^^os" , continue until 
the undorlyinf* structure is c^^n s ol ic? at od nnd can be applied to all problons, 
renarfHoss of situational or content variables • At this point the structure 
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is stabilizG<\* Piafet*s early vork indicaterl that tho conpr^nent operations 
which nakc up a strv'.o rlevclop in unison aloup; a "broad front, but auLsequent 
work 9eGr;o to imUcate that there aro indiviilual variations, notiin sequence 
of the najor stares, which are probably invariant in sequence » but in the 
sequence of the tasks to vrhicli a developing structure is applied. 

The sta<:e of concrete operations has received noro attention th.an the other 
starts and is probably better understood* Tliere seens to be consensus that it 
is re^.sonable to c^J.1 this period a "stp^e"i that is, that there is evidence 
of a unified, undorlyinr: reasoning, process which is br:-Uftht to boar on a wide 
roji-^e of problers, Thie question which we coi>e to new is whether there is 
sufficient evidence to say that the r.entnl abilities which enor^e in adolescence 
can also be said to constitute a 3tar*.u< 

One of tho first invest! f^ators to replicate the Inhelder and Piaf.et 
vxperinents vr^ Lovell (1961). lie repeated ten of the experinents, testing each 
of 200 subjects on four of the tasks, llie subjects* G^'es ranr.ed fron 8 to l8« 
iUthou^h sone of the older sub^Jects could not perforri the tasks, an indication 
that they had not acquired fomal operational ability, tho stratcfles used 
by the subjects were iiuch the snne as those described by Inhelder eiid Pia^et (1956 
The results cf the invostirf^.ticn led Lovell to conclude that the nain sta^3;es 
in tho Oevelopnent of logical thinkinr; proposed by Inhelder and Piafct had been 
confinied. In spite of this, he raised the question whether Planet had farced 
the children's responses into a predoternined theoretical nodel^ rather than 
adjust iniT tho nodel to fit the response. 

Lovell and Op;ilvie (I96I) reported the results of enother stuOy in which 
they repllc,ate4 sone of the work described in The. Child's Conception of 
Geor'.etry and concluded «v:t Piar.ot w?.r. correct in placinr the ^.ttainncnt of 
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certain volano concepts in the fornal period V.ocause concrete operations were 
not sufficient for the solution of the volume tasks. 

Vtork was also clone by Lunzer (I96O) on the voluno problem • His work 
confimetl the finCinrs of Pia^,ot» Inholder^ and Szeninaka (1952) concerning the 
chilt^ron's pcrfomance of tho volunie tasks but did not find support for Pio^et^s 
theoretical treatment of the basis for attainnent of advanced volume concepts; 
iyo«, the use of fomol lopic as a nodel for the reasoning process used by 
adolescents. 

In a mre inportcnt i)aper, Lunzer (1970) reviewed the evidence for the 
existence of a sinprlc process of reascninf^ underlyinf perfomonce of all the 
concrete operA.tional tasks and concluded that the evidence is in favor of 
affiminn a unitary process for concrete operations. Then he posed the question 
whether there is a^'parallel mity of processes underlyinf? the further elabor- 
tions of reasoning that have been temed **forTAal'\ . . oitd 'Whether PiaROt^ l 
Justified in postulating the existence of two successive levels in the develop- 
nent of lor'ical reasoninf^^ or whether^ when the child has attained the level of 
' concrete' roasoninr?* , . further pro.^rcDS \rould bo a r.atter of (juantitative pains 
rather thfji a difference in type of reasoning." {p. 595) • 

In order to study this probler^ he constructed a test conpooed of four groups 
of analor^ios rrhich he thou.'^ht would require for their solution the sane structural 
conj?loxity of thou/^ht which was necessary for the porforneince of Piafot's 
forLial operational tasks. Children of T^^es 9 to 17 wore tested. Ho had pre- 
dicted that the 9-year-olds would be able to solve the firsts and easiest > croup 
of items, but this was not found to be the case; he was forced to conclude that 
even elenentary analOfUes require soro,cthinB noro then concrete reasonlni?: for 
thoir solution, Ho su^^f^estod that the essential feature of foni^l reasoninn 
Is the roco{>;nition of second-order relations and that this ernerf.es around the aRO 
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of 11 or 12, Thus, his ansvor to the quosticn posod at the be/^inninr'* of his 
paper was affim^tivo; l.e, he thouf^ht that his work has shoTm that there is 
further struct urrJ develor^ncnt boyond concrete operations and that there is one 
underlying process which characterizes this developinent, 

Tlic work described above was done in the early 1960^s* More recently Lunzer 
(l973) >,avc an address to the Plotrot Society at a neetinp in Philadelphia in * 
which he stated that lio no lonr.or believed that there was one underlying process 
in forr.ol operations but that there are, instead, several developnents in 
reasoninr beyond the level of concrete operations, and thet.t the roco^^^nition of 
second-order relations which ho had previously proposed as the underlying factor 
is inadequate to describe oil of these developnents. In addition to his otm 
work, ho cited the work of Peel (1971) and others • He defined four categories 
of tasks /./hi ch represent advances in reasoninp., the first acquired as early aa 
11 or 12 years; the last not acquired, if at all, until late in the teens* It 
is his view that truo formal realoninfr is rarely used OJid that neither adoles- 
cents nor nost adults are very pood at it. Lunzer also reiterated one point 
which ho nado in the earlier papers that the difficulty of problens at this 
lever cannot be reasured solely or even nainly in terns of structure or fom 
and that the content also nust be taken into consideration • 

Bart (1971) tested the hypothesis that fomal operational skills are uni-* 

factor, xisinn principal contx^nont eiid factor analysis to exciiine the results 
of tef5tinrr adolescents on three tests of forr.ial reasoninr: which he devised and 

four Piaretioji fomal operations tasks. Ho found the four tasks to be uni- 

factor but the tests and tasks tor.ethor to be bifactor, 

Bc^rzonsky (1966) carried out an experinont in which ho used factor analysis 

in attenpt to deteniinc whether Piaf of s idea of the unitary nature of loR- 

icfid thinkinrr could be supported. He did not find support for the idea but 
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intorproted his results as indicatimr thr\t there fxra prol-ably ct lenst three 
inaependent Abilities involved. Ho svk^pestcd olQo that various skills and 
attitudes held "by adolescents nny be riore iriportoait than "structural variations", 

/'Jiother investir»ation which had n sonowhat different outcoMO should also 
bo nontioned. Brainerd (1970) carried out m exporinont in vhich he tested 
children of apos (i-9, 11-12, and II+-15 on conservation of liquid volune, conser- 
vation of solid volume and density. Ho interpreted his results as ^ivin^^ 
evidence that concepts of volume m<\ density both pro8upiX)3o son.e undorlyinp, 
cofviitivo skill. Since these concepts fall very close tocethor in tine of 
acquisition rmd would probably be at the swie level in Lunzer's oaterrorization 
of tasks, the finding of one underlyinf, cognitive skill , or roasoninc process, 
in tasks so close tor,ethor in the devolopnent hierarchj' nay not be inconpatible 
with the findings of Lunzor and Berkowski. 

In spite of aoi^c contradictory findin^.s and differences of opinion and 
interpretation, the bxdk of the available evidence seens to support those 
conclusions: 

(1) There is a qualitative chatiRo in cof^nittve structure or 
reasonlniVability beyond the level of concrete operations. This 
is to say that, ho\fevQr nuch they nay be elnborated or extended, 
the operations of the concrete sta^e arc not sufficient to 

account for the ability to perfsm the tasks described by Pia£?et and 
Inhelder and various tests ta\d tasks of advanced reasoning; devised 
by other investigators. 

(2) The new structure(s) or reason inr powers do not depend on 
the use of all 16 of the binary operations of prepositional ^ 
locie. Planet's nodol of adolescent thou<vht based on the foms of 

iU-' ' loftic does not stwid vrj to scrutiny by logicians and has n^t-: -'"' - * - . 
proved to bo veiy useful in helping psychologists or educators 
ERIC understand adolescent thinking;. . 



(3) Tlie clcvGlopuGnt in lc(;ical thinkinf? beycnci the concrete 
operations level i)rclja>>ly cannot be a'lccjuatoly explained by one 
undorlyinR process, Pianet and Inhelder (1958) recofni^ed this 
to a certain extent by describinr^ two sutstagos for Starje III» 
but the nttin thr\;^t of Pin/^et's ar^runcnt was to establish the 
vffiity of the essential process which nakes possible the per- 
fomance of the tasks which they usedi 

FACTORS /\f3S0CIATElv WITH INIELLECTU/iL DEVELOPMENT DlTRHtG ADOLESCENCE 
I'hc course of intolloctu?! developncnt during childhood is new much better 
landerstood than intellectual dovolcpment durinc adolescence. /Jl younr children 
appear to pass throw^h similar devolopnental stops in a rcUc^hly sequential 
way and rJ,l of then > sooner or later, develop the tiontal structures which allow 
then to use concrete operations in problon solving:. Tlie sa^^e cannot be said 
for adolescent nontal r^rowth and the use of fomal operations • -There is a^^ple 
evidence," accordinr to Furth (1973)'V, that all healthy persons in all societies 
and ranks of life reach the staf^o of concrete operations* A like assertion 
canhrt bo mdo with eq.ual con fi donee for formal thinking . Piapot is rip'htly 

cautious on this point." (pi 67\ 

Sone of the factors which nay be associated with attainriont of fomal 

operations will now bo considered. 

1, Affo is the nost obvious factor, sinco, in adopting, a Pia/^etirn point of 
view, wo are accoptinr the aceuaption that naturation ploys a part in cognitive 
r^mrth. A lo.r(Te number of invostirMions have had as their "^^^ purpose, or 
a subsidiai^ one, the dr;tenaination of the ar.o at which fomal operations 
bcrin to be used, toonr. these are studios by Rennor and Stafford (1972) » 
; Beirt J 1^^^^^ Stephens, Mclau,-hl in, and U^ihaney (1971) J^^^^^^^ (I96l» 1968). 
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Th^ results of those cncl other studies make it clear that only n minority of 
adolescents soon caiml>lo of, or find it necessary to, use this node of thoufsht, 
A few are r.hle to solve St a.'o III A problons as 3arly as 11 or 12, hut nost 
cannot solve truly fcnnal operational problems until late in the teens or later, 
if at ^11, Studies which have included subjects well beyond adolescence (Hifi^g^ns- 
Trenk and Gaito, 1971; Tomlinson-Keasey , 1972). have found that many adults 
cnjinot, or do not, use formal operations at all in the test situation, Pia^^et 
is aware that the i.rc^ he pave for the attainnent of fomal operations have not 
been corroborated by other invcstif:ators vii& that soino persons never attain 
this level of intellectual developiicnt. He has su^:i:',estod (Piar.ct, 1972) that 
this discrepancy nay have occurred because his oriirinal vrcrk was carried out 
on pupils from better schools in Geneva and that subjects who have had less 
stinulatinf^ and cof^nitively nourishinc environnents nay Ian; behind in develop- 
nent or never realize the possibilities vrhich are inherent in all nomal people ♦ 

The najority of hi^h school students are pi'obably not able to use fomal 
operations except, perhaps, in a snail nuiaber of situ?.tions • It is certainly 
a nlstake to fissune that even upper-level secondary students, except those who 
are very able, have accoss to forrrial operations for the solution of nost 
.problcns, ■■ - 

2, The role of cultur^^i and education in pronotinp intellectural development 
has boon the subject of several intorestinf^ studies. Greenfield {1966), in a 
stu??y of schooled and unschooled children in Sene{tal, foxmd that, the pattern of 

conservation attainnent was sinilar for both c^^ups up to abcut nine years of ^^^^i^^^:^^^^^^- ; p 
a>":e, after which the schooled children wore tiarkedly superior in lof^ical thinking* 
Greenfield believes that her study suf,f;ests that, without schooling, no quali-- 
tative chan^^e in intellectual developitent occurs after about the a^o of nine 
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or ten, Goo<3ncv Bothcn (1966) tested children In Hcnf^ Koni: on three conser- 
vation t^sks ruicl on one tnsk of coril>inatory reasoning and cor:^)arod their per- 
forr^ifinces with those of chilclren in the United Stcitos, They found that the 
unschooled Honp Konf' children porfomed as veil as their Moricon counterparts 
on the conservation tMks but that they could not perfbm the task of coribina- 
torial reasoning. Peluffo (1967) conpared the perfomanco of adolescents who 
had recently novod from ^. rural area to an industrial Italian city with those 
who ha^\ rrovn up in the city on a test of conbinatorial reasonings He found 
that riore of the city-bred children than the rural children could devise the 
necessary strator'y (i.e. , used formal operational thoufht) for the solution of 
the prcblcn. Finnlly^ Hozny and Cox (1973) conparcd suburban Americcui youths, 
Puerto Ri can youths who had Thrown up in the continental United States j and 
Puerto Rl can youths vlio f^rown u;j) on the Island on perfomanco of four formal 
operations! tasks. Tiiey found that the a^;es for sxiccossful perforriiance of the^^^^^^^^^^^^^^^^^^^^^^ n 
tasks vras 12-13 for the suburban youths » 1^4-15 for the Puerto Rican youths ■ 
educated hero, and 16-lT for the youths educated on the Island. 

It is iTripossible to untangle the of foots of culture ^a^ Tlio 
type of education which younn people receive is heavily dependent on the cultural 
riilieu, the hones fmri which they come, and other impondoraljle factors. Never- 
theless, it is evident that overall educational experience is an important 
factor in the f>:rowth of lor^ical thlnkinr. Tlii3 has been explicitly recorrnized 
: / by Piaf'ot (1972) who sur^^^ested that the reason for the nf'e difference betvreen 
the Geneva adolescents and others nay be the superior quality of the schoolinft 
recoivod by the Geneva youths. He also specualted that the different speeds 
of at t ainjperit /.^f s tai^eg. ; nt«j^ " bo, .due ;to tho ^^'c^tisi'U^ <^f 5intM^^ 
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Althounh the quality of schcoliiv; or cducatlonfd onvironmont has a marked 
effect on riovolr?^^.iont of reason in/5 ability, Inclusion of selected itens or ft 
pr^fJrtui in the shcool curriculum has not been shown to be effective • Lovell 
(1961) f ciuitV that his subjects did no bettor on fonnal oporfttlonal tasks 
y hich fomod a part of the curriculum than they did en other similar tasks mA 
Teetos (1970) found no differences in performance between stuaents who had been 
in a special science proprom (ISCS) and thnse vrho had not. 
1*. Traininr; or instruction nn specidic tasks » on the other hand, has been 
shewn to be effective in a number of experiments. This has cone as somethin/r 
of a surprise because it has been found to be extrea.oly difficult to teach 
concrete operational tasks and one mifht have supposed the sane would be true 
for formal operational tasks . 

In Bucharest, Fishbein, Pompu, and Hinaat (1970) nave direct instruction 
to 60 s\ibjects of a^^es 10, 12, and lli on a formal operational task of combinary 
malyis and report that the instruction was effective in improvinp the students 
ability to do the task. Tomlinson-Keasey C 1972) tested slx-crade sirls , univer 
sitywnmen students , p^d niddle-a^ed women on three tasks, followed this with 
traininr t P<^sttestinr; inr^iediately after traininf^, and after an interval of one 
week* She fcund that the training produced increases in conceptual level on 
all three tasks but did not produce transfer to other tasks. 

Brainerd and /OLlen (1971) carried out an experiment in which they used 
feedback and consecutive similar stimuli to train 10- one 11- children in 
density conservation* They report that "the traininr effect for density conser 
vation is much lar/ter than any previously reported traininr for concrete 
oporations. * ,*and;**the class of formal conservations mocr^ prove to be 
Sfipnificantly more susceptible to traininr^ than the class of concrete conser- 
^^^itibilst^^^^^^ Their subjects were also able to transfer the density 



concopt to wiothor taak. In anotlior trrxinini^. oxperinent, Sioclori Uobert, 
and Liobort (1973) taufrht 10- oncl 11-yoar old boys to solvo the i^enduluft 
problon throurh }>rc8<^jntation of a concoptuea fr^novork, two analog problensi 

end neasur^nont Instrmont. 

Itothods of teaching fomal opo^^tions have beon studied in soveral oxperi- 

p 

toentSi Sheoheui (1970) classified a sample of 60 students as conorote- or 
fornal-opemtionnl, and assirned thora at rwidon to a concrete- or formal- 
operational ;traininr, rroup. This nade a Sx2 dosipn, vlth one half of the 
ccncroto-levol students rocoivinr; concrete-level traininr; and the other half 
receiving fontalnlevel traininr.v one half of the fo mal-le vol students recelvln£^ 
concrcte-lovel traininr and the other half rooelvinft formfd level tralninf?. 
The outcome wni5 that fomal oporationtd students showed rreatcr f?ains, rerrardless 
of mode of instruction » that achievonont was Kore dxirable for fomal-operational 
students, and that concrete-level instruction was more effective for all students 
Egan and Oreeno (1973) compared the results of discovery and rule leaminR 
and interpreted their results as showing that in the discovery method, otudents 
assemble now material to existing structure and that in rule leaminc they 
acCLuire new structure • 

The consent or subject matter of the task has increasingly com'e to be 
recof^laed as a factor in the ability to solve problems* Lunzer (1973) has 
suggested and Stone and Ausubel{ 196^ that the structure 

of a problem ran:/ not be the d^etermlolng factor in whether it will be solved* 
Piapet (1972) ow^K^sted the possibility that in life situations an adult might 
use formal operations in the area of his work and not in other areas • 
5/ A final factor which i^ beitipt examined with inoreasinc interest is readlrtg 



■ ..-111-' 

roadinr, Ability but used analORios oxtoASively ^^ith the nppf^rent assumption 
that vorbt\l rmriloRios roqulre>l only fcrmAl oporational thour,ht and had no 
lanRUfifTO conwnent* Furth has studied mny aspects of the relationship of 
Irjnnuace to copnltive nx*outh. About the fomal period he vrotoj "Verbal 
statcnonts and propositions cone into thoir own as primary nouriohmont of the 
child's intelllKonce as ho is Rettinf; closer to formal oporationol functioning 
{Furtb\ 1970). 

Tae follovinr. factors have boon shovn to be associated with intellectual 
dovelopnc-nt durinr adolesconces af^Oi cultural ond educational milleUi trainlnf? 
in specific tasks > certain Instructional nethods, ctnd| possibly, readinft nnd 
lc»nruancj ability. 

IMPLICATIONS FOR CURRICULUII MD IIETHODS Hi SKCONDARY SCIENCE 
^^^^^^^^ curriculum is based on the strxxcture of 

science aiid to a larr^e extent ipnores the structiu^o of the adolescent intellect, 
A nnjor chanp,o in point of viev will be required If science instruction is to 
promote Intellectual provth for all, or evona majority* of secondary students* 

One of the stronf^e at impressions to enerf'.o frow reading the literature 
on fcmal operations is the vast differences between adolescents In Intellectual 
achievement and ability. Instruction cannot n>ossibly bring about learning ; 
miless it tal;es those differences into account. Tlie hlph level of Interest ^ 
even preoccupation^ vlth the idea of Pia^^etian staf^es and the perfomance of 
certain tasks has obo euro J the overall thrust of Pia<^',ot 's vrork and led to 
the notion that vo have to wait until an adolescent becomes '^formal operational" 
and then bo/i^in certain kinds of instruction. On the contrary, we should bo 
devisin/^ instructional tnethods and promoting attitudes that will help studentc 
wherever they are. The lit<irature cotij&^Vtht'^XJ^K^^^^ 



on tho point that intellectueil dovolopnont is Psraducd durlne ad^lcscenco, that 
there are Inportemt factors outside of the control of the school » but that the 
achoolB have an inpnrtfuit role in this developnent* 

Follovinp are acne of the Inplications of the literature vhich has been 
revievcd: 

1* There is a vide divernonce in ability to perfon'i formal operational 
and rather elnllar tasks. The need is for a pror.rom vhich will allow 
all adolescents to molce progress in the developnent of 
roasoninr a^Aliby, 

2. Teachers should not wait for students to %econe formal 
operational", It nay never happen. 

The ability to solve problems which require hifher reasoning 
ability is not a sudden acquisition which will icmiodiately 
Rcnoralize to other probloias of the sario lof*lcal structurot A 
student fscornitive operational level is likely to differ from 
subject matter to subject matter > particularly during the 
Junior ht^h school period* 

Most instruction > especially that below the junior year, 
should be in a concrete operational t?iOde* This does not tieon 
that it should all take place in the laboratory > but that 
problems should be posed in concrete terms, approached fron 
different angles, w^d that students should be cnpifif-od directly 
with the content* The aim is the transformation of overt 
action into ncntol operations , the buildin<i of a mental structure 
which con assimilate new concepts rttid^ eventually , think in 
abstractions and f^neraliSiiiions* 



5. Tho ccntont of n pro'olen nay be i;:oro important thar. tho 
structure of the probloin, Tlie wisdon of trylm* to teach 
disenbodiod "procosscss of sclcnc^'\ without ropard to content 
should be f?lven another look* 

6, Much wore necda to be knoi^m about tho relation of reading and 
lon^uare ability to intellectual developaiont beyond childhood* 

7 1 Wo need nuch more knovledco of tho details of how important 
concepts are acquired (the fine structure of task or concent 
acquisition). 

Finally > we nl^ht consider how use ful or productive it Is to think aololy 
In tonris of fomal operations and Ptafet tasks iu conaiderlnf; adolescent 
cognitive provth. The fou^^^ lopic seens too tifht and 

constrictinf^ a container for the broad range of reasoninf; powers which are 
possible. 
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